composition, applying a hybrid approach that combines several procedures (SAHA; RAGHAVA, 2006) .
Once obtained the list of epitopes (either from the database or predicted) from each one of the studied allergens, the PD tool incorporated in the SDAP website was employed to calculate PD values for these sequences. PD values measure the similarity of two peptides based on the physicochemical properties (PCPs) of corresponding residues when they are aligned with each other. Each residue is represented by five numerical descriptors E1-E5, which were derived by multidimensional scaling of a set of 237 PCPs of amino acid side chains (SAHA; RAGHAVA, 2006; BRAUN, 2005) . Peptides with identical sequences have a PD value of 0, and peptides with conservative substitutions of few amino acids have small PD values, typically in the range of 0 to 3. Peptides with a recognizable similarity in their PCPs tend to have PD values lower than 10, while unrelated peptides have much higher PD values (VENKATARAJAN; BRAUN, 2001) . The output of the PD tool also offers a list of other allergens with similar sequences to those that have been analyzed (IVANCIUC et al., 2004) .
Lipophilic potentials (LP), a measure of the relative hydrophobic surface area of a peptide, were generated using the MOLCAD module in SYBYL 8.1.1 with default probe radius of 1.4 Å. The resulting LP maps were analyzed according to color ramps (SCHEIN; IVANCIUC; BRAUN, 2007) .
Results
The quality and validation data for all 3D models generated for the allergens, evaluated by different servers, are presented in Table 2 . Based on validation data, I-Tasser models were the most energetically and geometrically favorable. These were visualized using the PyMOL software showing their known (SDAP) or predictive (AlgPred) epitope sequences (Figure 1 ). in shellfish including Cha f1 (Charybdis feriatus), Hom a1 (Homarus americanus), Met e1 (Metapenaeus ensis), Pen a1 (Farfantepenaus), Per v1 (Perna viridis), and Cra g1 (Crassostrea).
Materials and methods
Amino acid sequences for Tropomyosins were obtained from the National Center for Biotechnology Information (2010). Basic information for each one of the studied allergens is presented in Table 1 .
Three dimensional models of shellfish-derived tropomyosins were obtained using the molecular modeling package SYBYL 8.1.1 (TRIPOS, 2008) (with license belonging to the Environmental and Computational Chemistry Group), as well as free-available servers such as I-TASSER (ROY; KUCUKURAL; ZHANG, 2010) and SwissModel (SCHWEDE et al., 2003 ).
The SYBYL model was generated using the FUGUE tool incorporated in the Biopolymer module. FUGUE recognized distant structural homologs of tropomyosins by sequence structure comparison. After this process, the ORCHESTRAR interface in SYBYL allowed the sequence alignment of the homologs to model conserved regions (main chain). Loop conformations were automatically generated by the program, and subsequently the side chains and hydrogens were added to the models. Generated models were refined using the AMBER7 FF99 force field after several minimizations.
The I-TASSER and the SwissModel servers provide a fully automated comparative and threading protein modeling. These serves requires only the amino acid sequence as input data to generate the 3D model. Template selection, alignment, and model building are automatically performed by the server (ZHANG, 2008) .
The stereochemical quality of the obtained 3D models were evaluated utilizing a set of different servers, such as PROCHECK program (LASKOWSKI et al., 1993) , ERRAT (COLOVOS; YEATES, 1993) , VERIFY 3D (EISENBERG; LÜTHY; BOWIE, 1997), PROSA (WIEDERSTEIN; SIPPL, 2007) , and WHATCHECK program (HOOFT et al., 1996) .
The Structural Database of Allergenic Proteins, SDAP (IVANCIUC et al., 2003) was used to find reported epitope sequences for studied shellfish allergens (SCHEIN; IVANCIUC; BRAUN, 2005; IVANCIUC et al., 2003; BRAUN, 2006) . SDAP has integrated search tools that allow the user to rapidly compare molecular properties of allergenic proteins and their epitopes. Those allergens, for which no information is present on SDAP, were scanned for epitope prediction using the allergenicity prediction server AlgPred. This server was employed to find IgE-binding regions that were not identified in the SDAP database. AlgPred scans for known IgE epitopes using a BLAST search, based on amino acid or on dipeptide Table 2 . Validation of different 3D Tropomyosin models built using Sybyl, Swiss-Prot, and I-Tasser. and Mim n1, Scallop), identified as having similar sequences to those evaluated in this study, are presented in Table 3 .
As shown in Figure 1 , there are different epitope sequences within the same allergen. In order to gain insight in the nature of these allergenic sequences, lipophilic potentials were calculated for those epitopes found in Hom a1, Met e1, and Pen a1. These results are shown in Figure 2 .
All allergen structures are mostly alpha helices, and some have a small portion of random structures.
The epitope sequences identified in each one of the studied allergens and the degree of similarity with sequences present in the SDAP database were evaluated using the PD score. These results, as well as those obtained for other seafood-related allergens (Pan s1, Spiny lobster; Lit v1, Whiteleg shrimp; Hal d1, Abulón; Verify 3D, computed several 3D-1D scores with values lower than 0.1, indicating a possible problem. However, when this score factor was computed for 1c1g-chainA, a protein that was used as template to generate Sybyl models, a low value was also obtained. This could be due to the simplicity of the structure and its propensity to behave as alpha helices. In general, the best 3D-1D scores were obtained for I-Tasser models. On the other hand, the ProSA-Web server showed that the Z-score values for the I-TASSER-generated models are appropriate. Negative scores for the modeled proteins indicated they are correct. In addition, those fall within the range of scores obtained for native proteins found in the PDB database (NATARAJ et al., 2009 ).
Peptide similarities for epitope sequences found in the studied allergens, measured as PD scores ( Table 2 ), revealed that the sequences ARFLAEEADRKYD, ESKIVELEEELRVVG, QKLQKEVDRLEDELV, and RSLSDEERMDALENQ are totally identical (PD values of 0.0) in Pen a1, Cha f1, Hom a1, and Met e1 suggesting possible cross-reactivity between these allergens. On the other hand, sequences such as EKYKSITDELDQTFS, ELVNEKEKYKSITDE, MQ QLENDLD QVQESLLK, VDRLEDELVNEKEKY, and VHNLQKRMQQLENDL, although identical in Hom a1, Met e1, and Pen a1 are highly different in Chaf1, probably as a result of different evolutionally
Discussion
The geometries of the 3D models for the studied tropomyosins were evaluated using different bioinformatic tools. One of the most frequently used tool is PROCHECK, a server that utilizes information extracted from the Ramachandran's plot calculations. For most models, residues were mainly located on permitted regions. However, the overall G-factor calculated for the I-Tasser models showed values closer to 0 suggesting a good reliability for them (FÁVERO et al., 2009) . ERRAT, an "overall quality factor", works by analyzing the statistics of non-bonded atom -atom interactions. For the studied allergens, ERRAT scores were large, and both SYBYL and I-Tasser models provided the best results with several cases showing 100% indicating a good protein environment (ANURADHA et al., 2010) . However, WHATCHECK revealed that the RMS Z-score for bond lengths, RMS Z-score for bond angles, omega angle restraints, side chain planarity, and improper dihedral distribution for the modeled structures were all positive representing a better conformation of the protein (positive is better than average) (YANG et al., 2008) ; therefore there is a normal distribution of residue types inside and outside the protein.
The analyses of the compatibility of the atomic models (3D) with its own amino acid sequence (1D) using the server Table 3 . PD scores generated after comparing allergen sequences detected in studied seafood allergens (SDAP database and AlgPred). PD scores for other seafood-related allergens having high sequence similarities with those modeled are presented in the right side of the origin. Interestingly, some epitope sequences found in the studied allergens were identical to those found in allergens from other species. In the case of Pan s1 (Spiny lobster) and Lit v1 (Whiteleg shrimp), these similarities occur in 8 sequences suggesting a great cross-reactivity possibility.
The analysis of lipophilic potentials (LP) (Figure 2) showed the different distributions of hydrophobic residues that were more likely to be in these epitopes. The characterization of the two initial epitopes in the surface lipophilic potential revealed a patch of lipophilic residues, such as Leu, Met, Val, and Ile. These non-polar amino acids can be easily illustrated at the top of the helical-wheel. Sequences found in the three sequences located in the intermediate region of the allergen did not show a particular arrangement. However, some hydrophobic amino acids are still present, such as Leu, Met, Ile, Val, Ala, Tyr, and Phe together with some polar residues such as Asp, Glu, and Arg. The three superimposed epitope sequences found in the C-terminal region of the allergen also have a relatively continue surface area of hydrophobic amino acids, but the LP area is smaller.
In conclusion, good quality three-dimensional structures of tropomyosins found in shellfish species were generated using a combination of bioinformatic tools. Several epitope sequences were detected within each allergen, and each one of them presented different structural features with some predominance of hydrophobic residues depending on their position in the sequence. These data are important to understand the nature of allergenicity reactions produced by proteins found in seafood, and they provide some basis for designing tropomyosin-specific immunotherapy for shellfish-and mollusks-derived foods.
